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DISPLAY DEVICE

This application claims priority to Korean Patent Appli-

cation No. 10-2019-0014980, filed on Feb. 8, 2019, and all
the benefits accruing therefrom under 35 U.S.C. § 119, the
contents of which are hereby incorporated by reference 1n 1ts
entirety.

BACKGROUND

1. Field

The present disclosure relates to a display device. More
particularly, the present disclosure relates to a display device

capable of preventing deformation of a folding portion
thereof.

2. Description of the Related Art

Electronic devices that provide a user with an 1image, such
as a smart phone, a digital camera, a notebook computer, a
navigation unit and a smart television, include a display
device to display the image. The display device generates
the 1mage and provides the image to the user through a
display screen thereof.

With the technological development for the display
device, various types of display devices have been devel-
oped. For example, various flexible display devices, which

are capable of being transformed into a curved shape,
foldable, or rollable, are being developed. The flexible
display device, which 1s capable of being transformed into
various shapes, 1s easy to carry and improves a user’s
convenience.

SUMMARY

The present disclosure provides a display device capable
of reducing or eflectively preventing deformation a folding
portion thereof.

Embodiments provide a display device mcluding a dis-
play module including 1n order along a first direction: a first
non-folding area, a folding area at which the display device
1s foldable, and a second non-folding area, a first supporter
on which the first non-folding area 1s disposed, a second
supporter on which the second non-folding area 1s disposed,
a first adhesive between the first non-folding area and the
first supporter, and a second adhesive between the second
non-folding area and the second supporter. Within the fold-
ing area, a first distance along the first direction, between the
first adhesive and the second adhesive, 1s greater than both:
a second distance along the first direction, between the first
supporter and the second supporter, and smaller than a
length of the folding area, along the first direction.

Embodiments provide a display device mcluding a dis-
play module including a folding area, a first supporter and a
second supporter on which the display module 1s disposed
and arranged spaced apart from each other along a first
direction, a first adhesive between the display module and
the first supporter, and a second adhesive between the
display module and the second supporter. Within the folding
area, a length of the first adhesive which i1s taken along the
first direction and a length of the second adhesive which 1s
taken along the first direction, are both smaller than a length
of the first supporter which is taken along the first direction
and a length of the second supporter which 1s taken along the
first direction.
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Embodiments provide a display device including a dis-
play module including a folding area, a first supporter and a

second supporter on which 1s disposed the display module
and arranged spaced apart from each other along a first
direction, a first adhesive between the display module and
the first supporter, a second adhesive between the display
module and the second supporter, a coating layer between
the first adhesive and the first supporter and between the
second adhesive and the second supporter, 1n the folding
area, the coating layer detachable from each of the first
adhesive and the second adhesive, and a plurality of particles
between the coating layer and each of the first adhesive and
the second adhesive, respectively, with which the coating
layer 1s detachable from each of the first adhesive and the
second adhesive. Within the folding area, a first distance
along the first direction, between the first adhesive and the
second adhesive, 1s greater than both: a second distance
along the first direction, between the first supporter and the
second supporter, and smaller than a length of the folding
area, along the first direction, and the display device which
1s Tolded at the folding area disposes, at the folding area: the
particles attached to the first and second adhesives, and the
coating layer together with the first supporter and the second
supporter, detached from each of the particles, the first
adhesive, the second adhesive and the display module.
According to one or more embodiment, the adhesive
disposed under the display module 1s disposed in the pre-
determined portions under the folding area to support the
display module at the folding area. Thus, deformation of the
C
C

1splay module at the folding area, even when the display
evice 1s folded at the folding area, may be reduced or
cllectively prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present disclosure
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings where:

FIG. 1 1s a perspective view ol an embodiment of a
display device;

FIG. 2 1s a perspective view of an embodiment of the
display device shown 1n FIG. 1, which 1s folded;

FIG. 3 1s a perspective view of another embodiment of a
display device;

FIG. 4 1s a perspective view of the display device shown
in FIG. 3, which 1s folded;

FIG. 5 1s a cross-sectional view of an embodiment of a
display module of a display device;

FIG. 6 1s an embodiment of a plan view of the display
module shown 1n FIG. §;

FIG. 7 1s an equivalent circuit diagram of an embodiment
of a pixel 1n the display module shown in FIG. 6;

FIG. 8 1s a cross-sectional view of an embodiment of a
portion of a light emitting device 1n the pixel shown 1n FIG.
7;

FIG. 9 1s an exploded perspective view of an embodiment
of a display device;

FIG. 10 1s a cross-sectional side view of the display
device shown 1n FIG. 9, which 1s flat;

FIG. 11 1s an enlarged cross-sectional view of a folding
areca of a display device shown 1 FIG. 10, relative to a
supporter and an adhesive at the folding area;

FIG. 12 1s a cross-sectional view of the display device
shown 1n FIG. 10, which 1s folded:

FIGS. 13 and 14 are cross-sectional views of conventional
adhesive layers of a display device;
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FIG. 15 1s a cross-sectional view explaining an embodi-
ment of a method of determining arrangement areas of first
and second adhesives shown 1in FIG. 11; and

FIGS. 16 to 18 are cross-sectional views 1 an embodi-
ment of a manufacturing process of the display device

shown in FIG. 11.

DETAILED DESCRIPTION

It will be understood that when an element or layer 1s
referred to as being related to another element such as being,
“on,” “connected to” or “coupled to” another element or
layer, 1t can be directly on, connected or coupled to the other
clement or layer or intervening elements or layers may be
present. In contrast, when an element or layer 1s referred to
as being related to another element such as being “directly
on,” “directly connected to” or “directly coupled to” another
clement or layer, no intervening eclements or layers are
present.

The mmvention now will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
various embodiments are shown. This invention may, how-
ever, be embodied in many different forms, and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will tfully convey
the scope of the imnvention to those skilled in the art. Like
numerals refer to like elements throughout. In the drawings,
the thickness, ratio, and dimension of components are exag-
gerated for effective description of the technical content.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting. As used herein, the singular forms, “a,”

a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. “At least one” 1s not
to be construed as limiting “a” or “an.” “Or” means “and/or.”
As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could
be termed a second element, component, region, layer or
section without departing from the teachings of the present
disclosure.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

It will be further understood that the terms “comprises”™
and/or “comprising”’ or “includes” and/or “including,” when
used 1n this specification, specily the presence of stated
features, integers, steps, operations, elements, and/or com-
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ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

Embodiments are described herein with reference to cross
section 1llustrations that are schematic illustrations of i1de-
alized embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments described herein should not be construed as

limited to the particular shapes of regions as illustrated
herein but are to include deviations 1n shapes that result, for
example, from manufacturing. For example, a region 1llus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illus-
trated may be rounded. Thus, the regions 1illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

Among flexible display devices, a foldable display device
1s Tolded about a folding axis, which extends in one direc-
tion. However, the foldable display device has previously
unforeseen problems, such as deformation of the folding
portion and damage of elements of the folding portion. As
such, a foldable display device having improved resistance
against deformation and damage 1s desired.

Hereinatter, the present invention will be explained 1n
detail with reference to the accompanying drawings.

FIG. 1 1s a perspective view ol an embodiment of a
display device DD, which 1s flat (e.g., unfolded). FIG. 2 1s
a perspective view of an embodiment of the display device
DD shown 1n FIG. 1, which 1s folded.

Referring to FIG. 1, the display device DD which 1s {lat,
may have a rectangular shape defined by relatively long
sides extending along a first direction DR1 and relatively
short sides extending along a second direction DR2 which
crosses the first direction DR1. However, the shape of the
display device DD should not be limited to the rectangular
shape, and the display device DD which 1s flat may have
vartous shapes, such as a circular shape or a polygonal
shape.

Hereinatter, a direction substantially perpendicular to a
surface or plane defined by the first direction DR1 and the
second direction DR2 may be referred to as a third direction
DR3. In the present disclosure, the expression “when viewed
in a plan view” may mean a state of being viewed along the
third direction DR3. In addition, the expression “an area on
a plan view” may mean an area of the plane surface defined
by the first and second directions DR1 and DR2 when
viewed along the third direction DR3.

The display device DD may include a first non-folding
area NFA1, a second non-folding area NFA2, and a folding
area FA disposed between the first non-folding area NFA1
and the second non-folding area NFA2. The first non-folding
arca NFA1, the second non-folding area NFA2, and the
folding arca FA may be arranged along the first direction
DR1. The display device DD and components thereof, may
be bendable or foldable at the folding area FA, and may not
be bendable or foldable at the first non-folding area NFA1
and the second non-folding areca NFA2.

In the embodiment, one of the folding area FA and
multiple non-folding areas (e.g., two non-folding areas
NFA1 and NFA2) are shown as a representative example.
However, the number of the folding area FA and the number
of a non-folding area should not be limited thereto or
thereby. In an embodiment, for example, the display device
DD may include more than the two non-folding areas NFA1
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and NFA2, and a plurality of folding areas disposed respec-
tively between adjacent non-folding areas.

An upper surface of the display device DD may be
referred to as a display surface DS and may be a plane
surface defined by the first direction DR1 and the second
direction DR2 crossing each other. An image IM generated
by the display device DD may be provided in plurality (e.g.,
images IM) to a user through the display surface DS.

The display surface DS may include a display area DA
and a non-display area NDA which 1s around the display
area DA. An 1image IM 1s displayed at the display area DA,
and an 1mage IM 1s not displayed at the non-display area
NDA. The non-display area NDA 1s adjacent to the display
area DA. In an embodiment, the non-display area NDA
surrounds the display area DA and defines an edge of the
display device DD. The non-display area NDA may be
defined by an area of the display device DD at which a
predetermined color 1s applied such as by printing.

Referring to FIG. 2, the display device DD may be, but
not limited to, a foldable display device DD that 1s foldable
and/or unfoldable. The folding area FA may be folded about
a Tolding axis FX substantially parallel to the second direc-

tion DR2, and thus the display device DD may be folded at
the folding area FA. The folding axis FX may be defined as
a relatively short axis substantially parallel to the short sides
of the display device DD.

When the display device DD i1s folded, the display device
DD may be inwardly folded (e.g., in-folding) such that the
display surface DS at the first non-folding area NFA1 and at
the second non-folding area NFA2 face each other and the
display surface DS 1s not exposed for viewing the image IM
to outside.

FIG. 3 1s a perspective view of another embodiment of a
display device DD _1, which 1s flat. FIG. 4 1s a perspective
view of the display device DD_1 shown in FIG. 3, which 1s
folded.

The display device DD_1 shown in FIG. 3 may have the
same configurations as those of the display device DD
shown 1n FIG. 1 except for a folding operation. Accordingly,
the folding operation of the display device DD_1 will be
mainly described.

Referring to FIGS. 3 and 4, the display device DD_1 may
include a first non-folding area NFA1', a second non-folding
area NFA2', and a folding area FA' disposed between the first
non-folding area NFA1' and the second non-folding area
NFA2'. The first non-folding area NFA1', the second non-
folding areca NFA2', and the folding area FA' may be
arranged along the second direction DR2.

The folding area FA' 1s folded about a folding axis FX'
substantially parallel to the first direction DR1, and thus the
display device DD_1 1s foldable at the folding area FA'. The
folding axis FX' may be defined as a relatively long axis
substantially parallel to the relatively long sides of the
display device DD_1. The display device DD shown 1n FIG.
1 may be folded about the relatively short axis, and the
display device DD _1 shown in FIG. 3 may be folded about
the relatively long axis. The display device DD_1 may be
inwardly folded (e.g., in-folding) such that portions of the
display surface DS face each other and are not exposed to be
viewable from the outside.

Hereinafter, the structure of the display device DD folded
about the relatively short axis will be described, however,
structures described heremaiter may be applied to the dis-
play device DD_1 folded about the relatively long axis.

FIG. 5 1s a cross-sectional view of an embodiment of a
display module DM of a display device DD.
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Reterring to FIG. 5, the display module DM may include
a display panel DP, a touch sensing part TSP disposed on the
display panel DP, a window WIN disposed on the touch
sensing part TSP, an adhesive OCA disposed between the
touch sensing part TSP and the window WIN, and a cushion
layer CSL disposed under the display panel DP.

The display panel DP may be a light emitting type display
panel DP, but should not be particularly limited thereto. In
an embodiment, for istance, the display panel DP may be
an organic light emitting display panel or a quantum dot
light emitting display panel. A light emitting layer of the
organic light emitting display panel may include an organic
light emitting material. A light emitting layer of the quantum
dot light emitting display panel may include a quantum dot
or a quantum rod. Hereinafter, the organic light emitting
display panel will be described as a representative example
of the display panel DP.

The display panel DP may include a substrate SUB, a
pixel layer PXL disposed on the substrate SUB, a thin film
encapsulation layer TFE disposed on the substrate SUB to
cover the pixel layer PXL, and a protective substrate PS
disposed under the substrate SUB. The substrate SUB may
include a tlexible plastic substrate that 1s transparent. As an
example, the substrate SUB may include polyimide (“PI”).

The substrate SUB may include a display area DA and a
non-display area NDA which 1s adjacent to the display area
DA. The display area DA and the non-display areca NDA of
the display module DM may correspond to those areas of
one or more embodiment of a display device DD. The
display module DM may define the display surface DS of the
display device DD, such as at the window WIN. The pixel
layer PXL. may be disposed on the display area DA. The
pixel layer PXL may include a plurality of pixels, and each
of the pixels may include a light emitting device. The pixel
layer PXLL may be controlled to generate and/or emit light to
display an image IM.

The thin film encapsulation layer TFE may include at least
two morganic layers and an organic layer which 1s disposed
between the inorganic layers. The inorganic layers may
include an inorganic material and may protect the pixel layer
PXL from moisture and oxygen. The organic layer may
include an organic material and may protect the pixel layer
PXL from a foreign substance such as dust particles.

The protective substrate PS may protect a lower portion of
the substrate SUB. The protective substrate PS may include
a flexible plastic substrate. As an example, the protective
substrate PS may 1nclude polyethylene terephthalate
(“PET™).

The touch sensing part TSP may sense an external input
to the display module DM by an input device, such as a
user’s finger or a touch pen, may convert the sensed mput to
a predetermined input signal, and may provide the display
panel DP with the input signal. The touch sensing part TSP
may include a plurality of touch sensor units (not shown) to
sense the external iput. The touch sensor units may sense
the external input by a capacitive method. The display panel
DP may receive the mput signal from the touch sensing part
TSP and may generate an image IM corresponding to the
input signal.

The window WIN may protect the display panel DP and
the touch sensing part TSP from external scratches and
impacts. The window WIN may be attached to the touch
sensing part TSP by the adhesive OCA. The adhesive OCA
may include an optically clear adhesive. The image gener-
ated by the display panel DP may be provided to the user
which 1s outside the display module DM, after passing
through the window WIN.
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The cushion layer CSL may absorb external impacts
applied to the lower portion of the display module DM to
protect the display panel DP. The cushion layer CSL may
include a foam sheet having a predetermined elasticity.

FIG. 6 1s an embodiment of a plan view of the display
module DM shown in FIG. 5.

Referring to FIG. 6, the display module DM may include
the display panel DP, a scan driver SDV, a data driver DDV,
and an emission driver EDV FIG. 6 shows a configuration of
the display panel DP when viewed 1n a plan view, and the
planar configuration of the touch sensing part 1s omitted for
convenience of illustration.

The display panel DP may be a flexible display panel. In
an embodiment, for example, the display panel DP may
include a plurality of electronic elements disposed on a
flexible substrate. The display panel DP may have a rectan-
gular shape defined by relatively long sides extending along
the first direction DR1 and relatively short sides extending,
along the second direction DR2. The display panel DP may
include a display area DA and a non-display areca NDA
which 1s adjacent to the display area DA. The display area
DA and the non-display area NDA of the display module
DM may correspond to those areas of one or more embodi-
ment of a display device DD. The display module DM may
define the display surface DS of the display device DD.

The display panel DP may include a pixel PX provided in
plurality (hereinafter “pixels PX”), a plurality of scan lines
SLL.1 to SLm, a plurality of data lines DL1 to DLn, and a
plurality of light emitting lines ELL1 to ELm. Each of “m”
and “n” 1s a natural number. The pixels PX may be arranged
in a matrix form, however, should not be limited thereto or
thereby. The pixels PX may be arranged in the display area
DA and may be connected to corresponding signal lines
among the scan lines SLL1 to SLM, the data lines DL1 to
DLn, and the light emitting lines ELL1 to ELm.

The scan driver SDV, the data driver DDV, and the
emission driver EDV may be arranged 1n the non-display
area NDA. The scan driver SDV and the emission driver
EDV may be disposed to be respectively adjacent to the
relatively long sides of the display panel DP. The data driver
DDV may be manufactured in an integrated circuit chip
form and may be disposed to be adjacent to one relatively

short side among the relatively short sides of the display
panel DP.

The scan lines SL1 to SLm may lengthwise extend along
the second direction DR2 and may be connected to the scan
driver SDV. The data lines DL1 to DLn may lengthwise
extend along the first direction DR1 and may be connected
to the data driver DDV. The light emitting lines ELL1 to ELm
may lengthwise extend along the second direction DR2 and
may be connected to the emission driver EDV.

The scan driver SDV may generate a plurality of scan
signals, and the scan signals may be applied to the pixels PX
through the scan lines SLL1 to SLm. The scan signals may be
sequentially applied to the pixels PX. The data dnver DDV
may generate a plurality of data voltages as data signals, and
the data voltages may be applied to the pixels PX through
the data lines DL1 to DLn. The emission driver EDV may
generate a plurality of light emitting signals, and the light
emitting signals may be applied to the pixels PX through the
light emitting lines ELL1 to ELm. The various signals may
drive or control the pixels PX and components therein to
generate light and/or display an image IM. The pixels PX
may be units of the display module DM at which light 1s
emitted and/or the image IM 1s displayed.
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Although not shown in figures, the display module DM
may include a timing controller (not shown) to control an
operation of the scan driver SDV, the data driver DDV, and
the emission driver EDV

The timing controller may generate a scan control signal,
a data control signal, and a light emitting control signal 1n
response to control signals applied thereto from outside the
display module DM. The timing controller may receive
image signals from outside the display module DM, may
convert a data format of the image signals according to an
interface with the data dniver DDV, and may provide the
converted 1mage signals to the data driver DDV.

The scan driver SDV may generate the scan signals 1n
response to the scan control signal, and the emission driver
EDV may generate the light emitting signals 1n response to
the light emitting control signal. The data driver DDV may
receive the image signals whose data format 1s converted
and may generate data voltages corresponding to the image
signals 1n response to the data control signal.

The pixels PX may receive the data voltages in response
to the scan signals. The pixels PX may emit light having
luminance corresponding to the data voltages in response to
the light emitting signals to display the image. A light
emitting time of the pixels PX may be controlled by the light
emitting signals.

FIG. 7 1s an equivalent circuit diagram of an embodiment
of the pixel PX shown in FIG. 6.

Reterring to FIG. 7, the pixel PX may include an organic
light emitting device OLED and a pixel circuit CC. The pixel
PX may be controlled via elements of the pixel circuit CC,
to generate and/or emit light. The pixel circuit CC may
include a plurality of transistors T1 to 17 and a capacitor CP.
The pixel circuit CC may control an amount of electrical
current flowing through the organic light emitting device
OLED 1n response to the data voltage.

The organic light emitting device OLED may emit a light
at a predetermined luminance in response to the amount of
clectrical current provided from the pixel circuit CC. To this
end, a level of a first voltage ELVDD may be set higher than
a level of a second voltage ELVSS.

Each of the transistors T1 to T7 may include an input
clectrode (or source electrode), an output electrode (or drain
clectrode), and a control electrode (or gate electrode). In the
following descriptions, for the convemence of explanation,
one electrode among the mput electrode and the output
clectrode may be referred to as a “first electrode,” and the
other electrode among the mput electrode and the output
clectrode may be referred to as a “second electrode.”

A first electrode of a first transistor T1 may be connected
to the first voltage ELVDD wvia a fifth transistor 15, and a
second electrode of the first transistor T1 may be connected
to an anode electrode of the organic light emitting device
OLED wvia a sixth transistor 16. The first transistor T1 may
be referred to as a “drniving transistor’” in the present disclo-
sure. The first transistor T1 may control the amount of
clectrical current flowing through the organic light emitting
device OLED 1n response to a voltage applied to a control
clectrode of the first transistor T1.

A second transistor T2 may be connected between a
corresponding data line DL and the first electrode of the first
transistor T1, and a control electrode of the second transistor
12 may be connected to an 1-th scan line SLi1. The second
transistor T2 may be turned on when an 1-th scan signal 1s
applied to the 1-th scan line SL1 and may electrically connect
the data line DL to the first electrode of the first transistor T1.

A third transistor T3 may be connected between the
second electrode of the first transistor T1 and the control
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clectrode of the first transistor T1. A control electrode of the
third transistor T3 may be connected to the 1-th scan line SLi.
The third transistor T3 may be turned on when the 1-th scan
signal 1s applied to the 1-th scan line SL1 and may electrically
connect the second electrode of the first transistor 11 to the
control electrode of the first transistor T1. When the third
transistor T3 1s turned on, the first transistor T1 may be
connected 1n a diode configuration.

A fourth transistor T4 may be connected between a node
ND and an imitialization power generator (not shown). A
control electrode of the fourth transistor T4 may be con-
nected to an (1-1)th scan line SLi-1. The fourth transistor T4
may be turned on when an (1—1)th scan signal 1s applied to
the (1—1)th scan line SLi-1 and may provide an initialization
voltage Vint to the node ND.

The fifth transistor T5 may be connected between a power
line PL and the first electrode of the first transistor T1. A
control electrode of the fifth transistor T5 may be connected
to an 1-th light emitting line ELi.

The sixth transistor T6 1s connected between the second
clectrode of the first transistor T1 and the anode electrode of
the organic light emitting device OLED. A control electrode
of the sixth transistor T6 may be connected to the 1-th light
emitting line ELx1.

A seventh transistor T7 may be connected between the
initialization power generator (not shown) and the anode
clectrode of the organic light emitting device OLED. A
control electrode of the seventh transistor T7 may be con-
nected to an (1+1)th scan line SLi+1. The seventh transistor
T7 may be turned on when an (1+1)th scan signal 1s applied
to the (1+1)th scan line SLi+1 and may provide the initial-
ization voltage Vint to the anode electrode of the organic
light emitting device OLED.

The capacitor CP may be disposed between the power line
PL and the node ND. The capacitor CP may be charged with
a voltage corresponding to the data voltage. When the fifth
and sixth transistors 15 and T6 are turned on due to the
voltage charged in the capacitor CP, the amount of the
clectrical current tlowing through the first transistor T1 may
be determined.

FI1G. 7 illustrates a PMOS as a reference of the transistors
11 to T7, however, the transistors T1 to 17 should not be
limited to the PMOS. According to another embodiment, the
transistors 11 to T7 may be implemented by an NMOS.

FIG. 8 1s a cross-sectional view of an embodiment of a
portion of the light emitting device OLED shown in FIG. 7.

Referring to FIG. 8, the pixel PX may include the organic
light emitting device OLED and a transistor TR which 1s
connected to the organic light emitting device OLED. The
organic light emitting device OLED may include a first
clectrode FE1, a second electrode E2, and an organic light
emitting layer OEL disposed between the first electrode E1
and the second electrode E2. The transistor TR may be the
sixth transistor 16 shown i FIG. 7.

The first electrode E1 may be the anode electrode, and the
second electrode E2 may be a cathode electrode. The first
clectrode E1 may be referred to as a “pixel electrode,” and
the second electrode E2 may be referred to as a “‘common
clectrode.”

The pixel PX may include a pixel area PA and a non-pixel
area NPA which 1s adjacent to the pixel area PA. The organic
light emitting device OLED may be disposed in the pixel
area PA, and the transistor TR may be disposed in the
non-pixel area NPA. Light may be emitted from the pixel PX
at the pixel area PA (e.g., “light emitting area™) and light
may not be emitted from the pixel PX at the non-pixel area

NPA.
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The transistor TR and the organic light emitting device
OLED may be disposed on the substrate SUB. A buller layer
BFL may be disposed on the substrate SUB, and the builer
layer BFL. may include an inorganic materal.

A semiconductor layer SM of the transistor TR may be
disposed on the bufler layer BFL. The semiconductor layer
SM may include an 1norganic semiconductor, such as amor-
phous silicon or polycrystalline silicon, or an organic semi-
conductor. In addition, the semiconductor layer SM may

include an oxide semiconductor. Although not shown 1n
FIG. 8, the semiconductor layer SM may include a source
area, a drain area, and a channel area defined between the
source area and the drain area.

A first msulating layer INS1 may be disposed on the
bufler layer BFL to cover the semiconductor layer SM. The
first insulating layer INS1 may include an inorganic mate-
rial. A gate electrode GE of the transistor TR may be
disposed on the first insulating layer INS1 to overlap with
the semiconductor layer SM. The gate electrode GE may be
disposed to overlap with the channel area of the semicon-
ductor layer SM.

A second insulating layer INS2 may be disposed on the
first msulating layer INS1 to cover the gate electrode GE.
The second insulating layer INS2 may include an organic
material and/or an 1morganic materal.

A source electrode SE and a dram electrode DE of the
transistor TR may be disposed on the second insulating layer
INS2 to be spaced apart from each other. The source
clectrode SE may be connected to the source area of the
semiconductor layer SM at or through a first contact hole
CH1 defined through the first insulating layer INS1 and the
second isulating layer INS2. The drain electrode DE may
be connected to the drain area of the semiconductor layer
SM at or through a second contact hole CH2 defined through
the first msulating layer INS1 and the second insulating
layer INS2.

A third insulating layer INS3 may be disposed on the
second 1nsulating layer INS2 to cover the source electrode
SE and the drain electrode DE of the transistor TR. The third
isulating layer INS3 may be referred to as a “planarization

layer” that provides a flat upper surface and may include an
organic material.

The first electrode E1 may be disposed on the third
isulating layer INS3. The first electrode E1 may be con-
nected to the drain electrode DE of the transistor TR at or
through a third contact hole CH3 defined through the third
insulating layer INS3.

A pixel defimition layer PDL may be disposed on the first
clectrode E1 and the third mnsulating layer INS3 to expose a
predetermined portion of the first electrode E1. An opening
PX_OP may be defined through the pixel definition layer
PDL to expose the predetermined portion of the first elec-
trode E1.

The organic light emitting layer OEL may be disposed on
the first electrode E1 1n the opening PX_OP. The organic
light emitting layer OEL may generate a light having one of
red, green, and blue colors, however, should not be limited
thereto or thereby. The organic light emitting layer OEL may
generate a white light by a combination of organic materials
respectively generating the red, green, and blue colors.

The second electrode E2 may be disposed on the pixel
definition layer PDL and the organic light emitting layer
OEL. The thin film encapsulation layer TFE may be dis-
posed on the organic light emitting device OLED to cover
the pixel PX. One or more of the layers disposed between the
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substrate SUB and the thin film encapsulation layer TFE 1n
FIG. 8 may be referred to as the pixel layer PXL described
above.

The first voltage ELVDD may be applied to the first
clectrode F1, and the second voltage ELVSS may be applied
to the second electrode E2. Holes and electrons injected into
the organic light emitting layer OEL are recombined to
generate excitons, and the organic light emitting device
OLED emuts the light by the excitons that return to a ground
state from an excited state. The organic light emitting device
OLED may emit red, green, and blue lights 1n accordance
with the electrical current flow, so that the image may be
displayed.

FIG. 9 1s an exploded perspective view of an embodiment
of a display device DD.

Referring to FIG. 9, the display device DD may include
a display module DM, a supporter SP disposed under the
display module DM, and an adhesive layer AD disposed
between the display module DM and a supporter SP (or
support member). Although not shown 1n figures, the display
device DD may further include a case (or housing) to
accommodate therein both of the display module DM and
the supporter SP. The display module DM may have a
rectangular shape defined by relatively long sides extending,
along the first direction DR1 and relatively short sides
extending along the second direction DR2. The display
module DM may include a first non-folding area NFA1, a
second non-folding areca NFA2, and a folding area FA
disposed between the first non-folding area NFA1 and the
second non-folding area NFA2. These areas may correspond
to a folding area FA disposed between the first non-folding
area NFA1 and the second non-folding area NFA2 of the
display device DD as described above. The first non-folding
areca NFA1, the second non-folding area NFA2, and the
folding area FA may be arranged along the first direction
DR1.

The supporter SP may support thereon the display module
DM. The supporter SP may be relatively rigid such that
portions of the display module DM are supported, such as to
be mamtained mm a flat shape. In an embodiment, for
example, the supporter SP may include a metal material.

The supporter SP may be attached to the display module
DM by the adhesive layer AD. The adhesive layer AD may
include a pressure sensitive adhesive, as an example. The
adhesive layer AD may include various adhesives 1 addi-
tion to the pressure sensitive adhesive.

The supporter SP may include a first supporter SP1 and a
second supporter SP2, which are arranged along the first
direction DR1. The first supporter SP1 and the second
supporter SP2 may be spaced apart from and disconnected
from each other along the first direction DR1. The first
supporter SP1 may be disposed under and corresponding to
the first non-folding area NFA1, and the second supporter
SP2 may be disposed under and corresponding to the second
non-folding area NFA2. The first supporter SP1 and the
second supporter SP2 may be disposed 1n a plane defined by
the first and second directions DR1 and DR2. The first
supporter SP1 and the second supporter SP2 may each
define a planar surface disposed in the plane defined by the
first and second directions DR1 and DR2

The adhesive layer AD may include a first adhesive AD1
(or first adhesive member or first adhesive layer) disposed
between the first non-folding area NFA1 and the first sup-
porter SP1 and a second adhesive AD2 (or second adhesive
member) disposed between the second non-folding area
NFA2 and the second supporter SP2. The first adhesive AD1

and the second adhesive AD2 may be spaced apart from and
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disconnected from each other along the first direction DR1.
The first supporter SP1 may be attached to the first non-
folding area NFA1 by the first adhesive AD1. The second
supporter SP2 may be attached to the second non-folding
areca NFA2 by the second adhesive AD2.

FIG. 10 1s a cross-sectional side view of the display
device DD shown 1n FIG. 9, which 1s flat.

FIG. 10 shows a side view of the display device DD when
viewed along the second direction DR2. For the conve-
nience ol explanation, the display module DM and the
supporter SP in FIG. 10 are shown attached to one another
by the adhesive layer AD.

Reterring to FIG. 10, the first adhesive AD1 may overlap
with or correspond to the first non-folding area NFA1 and a
first portion of the folding area FA which 1s adjacent to the
first non-folding area NFA1. The second adhesive AD2 may
overlap with or correspond to the second non-folding area
NFA2 and a second portion of the folding area FA which 1s
adjacent to the second non-folding area NFA2. Accordingly,
a portion of the first adhesive AD1 and a portion of the
second adhesive AD2 may both overlap with a same one of
the folding area FA.

The first supporter SP1 may overlap with or correspond to
the first non-folding area NFA1 and the first portion of the
folding area FA which 1s adjacent to the first non-folding
area NFA1. The second supporter SP2 may overlap with the
second non-folding area NFA2 and the second portion of the
tolding area FA which 1s adjacent to the second non-folding
areca NFA2. Accordingly, a portion of the first supporter SP1
and a portion of the second supporter SP2 may overlap with
the same one of the folding area FA.

A distance along the first direction DR1 between the first
adhesive AD1 and the second adhesive AD2 may be greater
than a distance along the first direction DR1 between the first
supporter SP1 and the second supporter SP2. Therefore, a
respective planar area of each of the first and second
supporters SP1 and SP2, which overlaps with the folding
area FA 1 a plan view, may be greater than a respective
planar area of each of the first and second adhesives AD1
and AD2, which overlaps with the folding area FA 1n the
plan view. The planar area described above may be defined
as a total planar area as a product of dimensions taken along
the first direction DR1 and the second direction DR2, at
which a respective supporter portion or adhesive portion,
overlaps the folding area FA.

The display device DD may include a coating layer CL
disposed on a portion of an upper surface of each of the first
and second supporters SP1 and SP2 which faces or corre-
sponds to the folding area FA. The coating layer CL. may not
be disposed on or excluded from a portion of the upper
surface of each of the first and second supporters SP1 and
SP2 which respectively faces or corresponds to the first and
second non-folding arecas NFA1 and NFA2. The coating
layer CL. may be provided on a portion of the upper surface
of the first supporter SP1 overlapping with the folding area
FA and on a portion of the upper surface of the second
supporter SP2 overlapping with the folding area FA, such as
by coating a material on the upper surtace. The coating layer
CL may include fluorne.

The coating layer CL may include a first coating layer
CL1 (or first coating layer member) coated on the upper
surface of the first supporter SP1 and a second coating layer
CL2 (or second coating layer member) coated on the upper
surface of the second supporter SP2. A portion of the first
coating layer CLL1 may be disposed between the first sup-
porter SP1 and the first adhesive AD1, which overlap with
cach other in the folding area FA. A remaining portion of the
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first coating layer CLL1 may be disposed on a portion of the
first supporter SP1 that does not overlap with the first
adhesive AD1.

A portion of the second coating layer CL2 may be
disposed between the second supporter SP2 and the second
adhesive AD2, which overlap with each other in the folding
area FA. A remaining portion of the second coating layer
CL2 may be disposed on a portion of the second supporter
SP2 that does not overlap with the second adhesive AD2.

The first and second coating layers CL1 and CL2 may not
be attached to the first and second adhesives AD1 and AD2.
That 1s, the first and second coating layers CLL1 and CL2 may
be detachable from the first and second adhesives AD1 and
AD2. The first and second coating layers CLL1 and CL2 may
be attached to the first and second supporters SP1 and SP2.
That 1s, the first and second supporters SP1 and SP2 may be
detachable together with the first and second coating layers
CL1 and CL2, from the first and second adhesives AD1 and
AD2, respectively, at the folding area FA. The first and
second coating layers CL1 and CL2 may reduce or ellec-
tively prevent respective attachment of the first and second
supporters SP1 and SP2 to the first and second adhesives
AD1 and AD?2 at the folding area FA.

Although not shown 1n figures, metal particles 1n the form
of powder may be arranged on or in the first and second
coating layers CL1 and CL2. For the convenience of expla-
nation, the metal particles are not shown in FIG. 10 and will
be shown in FIGS. 16 to 18. In addition, the reason why the
metal particles are used will be described with reference to
FIGS. 16 to 18.

FIG. 11 1s an enlarged cross-sectional view of the folding
area relative to the supporter and the adhesive shown in FIG.
10.

Referring to FIG. 11, one side surface of the first adhesive
AD1 and one side surface of the second adhesive AD?2,
which face each other along the first direction DR1, may
correspond to and overlap with the folding area FA. One side
surface of the first supporter SP1 and one side surface of the
second supporter SP2, which face each other along the first
direction DR1, may correspond to overlap with the folding
area FA.

A first distance along the first direction DR1 between the
first adhesive AD1 and the second adhesive AD2 may be
greater than a second distance along the first direction DR1
between the first supporter SP1 and the second supporter
SP2. The first distance D1 may be smaller than a length LT
of the folding area FA along the first direction DR1. The
length LT may be a total length of the folding area FA along
the first direction DR1.

The first distance D1 may be defined by a distance
between the one side surface of the first adhesive AD1 and
the one side surface of the second adhesive AD2. The second
distance D2 may be defined by a distance between the one
side surface of the first supporter SP1 and the one side
surface of the second supporter SP1

The first adhesive AD1 may include a first portion P1
overlapping with the folding area FA, and the second
adhesive AD2 may include a second portion P2 overlapping
with the folding area FA. A length of the first portion P1
along the first direction DR1 may be equal to a length of the
second portion P2 along the first direction DR1. Accord-
ingly, a planar area of the first portion P1 1n a plan view may
be equal to a planar area of the second portion P2 1n a plan
view. The planar areas may be respective products of the
lengths of the first portion P1 and the second portion P2
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along the first direction DR1, and lengths of the first portion
P1 and the second portion P2 along the second direction
DR2.

However, these are merely embodiments, and the length
of the first portion P1 along the first direction DR1 may be
different from the length of the second portion P2 along the
first direction DR1. In an embodiment, for example, the
planar area of the first portion P1 in a plan view may be
different from the planar area of the second portion P2 1n a
plan view.

The first supporter SP1 may include a third portion P3
overlapping with the folding area FA, and the second
supporter SP2 may include a fourth portion P4 overlapping
with the folding area FA. A length of the third portion P3
along the first direction DR1 may be equal to a length of the
fourth portion P4 along the first direction DR1. Accordingly,
a planar area of the third portion P3 1n a plan view may be
equal to a planar area of the fourth portion P4 1n a plan view.
The planar areas may be respective products of the lengths
of the third portion P3 and the fourth portion P4 along the
first direction DR1, and lengths of the third portion P3 and
the fourth portion P4 along the second direction DR2.

However, these are merely embodiments, and the length
of the third portion P3 along the first direction DR1 may be
different from the length of the fourth portion P4 along the
first direction DR1. Accordingly, the planar area of the third
portion P3 1n a plan view may be diflerent from the planar
area of the fourth portion P4 in a plan view.

The lengths of the adhesive layer AD at each of the first
and second portions P1 and P2, which are taken along the
first direction DR1, may be smaller than each of the lengths
of the supporter SP at each of the third and fourth portions
P3 and P4, which are taken along the first direction DRI.

The first and second coating layers CL1 and CL2 may be
respectively disposed on and respectively corresponding to
the third and fourth portions P3 and P4. Each of the first and
second coating layers CL1 and CL2 may include a first
sub-coating layer SCL1 corresponding to and overlapping
with each of the first and second adhesives AD1 and AD2
and a second sub-coating layer SCL2 not overlapping with
cach of the first and second adhesives AD1 and AD2 (e.g.,
corresponding to the first supporter SP1 and the second
supporter SP2 1n the folding area FA). Ends or boundaries of
the folding area FA, may correspond to opposing end
surfaces of the adhesive layer AD at side surfaces of the first
sub-coating layer SCL1 and the second sub-coating layer
SCL2, respectively.

FIG. 12 1s a cross-sectional view of the display device DD
shown 1n FIG. 10, which 1s folded. The directional refer-

ences 1n FIG. 10 are mamtained 1in FIG. 12 for convenience
of 1llustration.

Referring to FIG. 12, when the display device DD 1s
folded at the folding area FA thereot, the display device DD
may be folded to allow the first non-folding area NFA1 and
the second non-folding area NFA2 to face each other. The
display device DD shown in FIG. 12 which 1s folded, may
be substantially the same as the display device DD shown in
FIG. 2 which 1s folded. The first and second non-folding
arcas NFA1 and NFA2 may be supported by the first and
second supporters SP1 and SP2, respectively, to be main-
tained flat.

The portions of the first and second supporters SP1 and
SP2, which overlap with the folding area FA, may not be
attached to the first and second adhesives AD1 and AD2 due
to the first and second coating layers CLL1 and CL2 being
detachable from the first and second adhesives AD1 and
SD2. Accordingly, when the display module DM 1s folded,




US 11,245,092 B2

15

the portions of the first and second supporters SP1 and SP2,
which are disposed 1n the folding area FA, may be separated
together with the coating layer CL, from the display module
DM. In other words, the display device DD which 1s folded
at the folding area FA, disposes in the folding area FA, both
the first supporter SP1 and the second supporter SP2
detached from a portion of the first adhesive AD1 which 1s
in the folding area FA and from a portion of the second
adhesive AD2 which i1s 1n the folding area FA, respectively.
At the same time, the display module DM 1s attached to both
the portion of the first adhesive AD1 and the portion of the
second adhesive AD2 which are in the folding area FA.

Since the display module DM 1s flexible display module,
the folding area FA may be relatively easily folded. How-
ever, the first and second supporters SP1 and SP2 may not
be folded since they are relatively rigid and remain flat even
when the display device DD 1s folded, as shown 1n FI1G. 12.
In a conventional display device where portions of the first
and second supporters SP1 and SP2, which overlap with the
folding area FA, are attached to the folding area FA and not
detachable therefrom. Consequently, the folding area FA
may not be folded due to the first and second supporters SP1
and SP2 being relatively rigid, and thus a folding operation
of the display module DM may be diflicult.

In one or more embodiment, since the portions of the first
and second supporters SP1 and SP2, which overlap with the
tolding area FA, are not detachable from the display module
DM 1n folding thereot, the folding area FA may be relatively
casily folded.

FIGS. 13 and 14 are cross-sectional views of conventional
adhesive layers 1n a display device. FIGS. 13 and 14 are
enlarged cross-sectional views corresponding to the view of
the embodiments 1n FIG. 11.

Referring to FIG. 13, first and second adhesives AD1" and
AD?2' may be disposed only 1n first and second non-folding,
areas NFA1 and NFA2, and may not be disposed 1n a folding
area FA'. Where an adhesive layer AD' 1s disposed 1n the
folding area FA', and first and second supporters SP1 and
SP2 are attached to the folding area FA', folding of the
display module DM may be difficult as describe above.
Therefore, the adhesive layer AD' may not be disposed 1n the
folding area FA' as shown 1n FIG. 13, to allow folding of the
display module DM to be relatively easy. In FIG. 13, the
above-described coating layer CL may not be used.

Further referring to FIG. 13, an empty space may be
defined between the folding area FA' of the display module
DM, and a supporter SP, so that the folding area FA' may not
be supported. Since the folding area FA' 1s not supported by
the supporter SP, the folding area FA' may be stretched and
deformed when the folding of the display module DM 1is
repeatedly performed, and the deformed folding area FA'
may be perceived by the user.

For instance, a portion of the folding area FA', which 1s
adjacent to a boundary between the folding area FA' and the
first non-folding area NFA1, may be sagged downward since
there 1s no support by the supporter SP, and a portion of the
folding area FA', which 1s adjacent to a boundary between
the folding area FA' and the second non-folding area NFA2,
may be also sagged downward since there 1s no support
provided by the supporter SP.

Referring to FIG. 14, an adhesive layer AD" may be
disposed throughout the folding area FA as being extended
from the first and second non-folding areas NFA1 and
NFA2. First and second coating layers CLL1 and CL2 may be
disposed on first and second supporters SP1 and SP2,
respectively, that overlap with a folding area FA. Since the
first and second coating layers CL1 and CL2 are spaced
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apart from each other, a portion of the adhesive layer AD"
1s exposed to outside the supporter SP. Foreign contaminant
particles CI'M may be attached to the adhesive layer AD"
that overlaps with a space between the first supporter SP1
and the second supporter SP2 and 1s exposed at the space.
When the contaminant particles CTM are attached to the
adhesive layer AD", the contaminant particles CIM may be
undesirably perceived by the user.

FIG. 15 1s a cross-sectional view explaining an embodi-
ment ol a method of determiming arrangement areas of the
first and second adhesives AD1 and AD2 shown in FIG. 11.

For the convemence of explanation, the deformed folding

area FA' described with reference to FIG. 13 1s shown as a
dotted line in FIG. 15.

Referring to FIG. 15, the first and second adhesives AD1
and AD2 support at least a portion of the deformed folding
area FA', which 1s sagged furthest downward, thereby sup-
porting portions of the folding area FA', which are furthest
sagged downward. Accordingly, a distance D1 between the
first and second adhesives AD1 and AD2 may be set smaller
than a half (L'T/2) of a length LT of the folding area FA and
may be set greater than a second distance D?2.

In detail, a length of each of a first portion P1 and a second
portion P2 may be set greater than V4 (I1/4) of the length LT
of the folding area FA and may be set smaller than a length
of each of a third portion P3 and a fourth portion P4. The
portions of the folding area FA', which are sagged furthest
downward, may be attached to the first and second adhesives
AD1 and AD2 and may be supported by the first and second
supporters SP1 and SP2. Thus, the deformation of the
folding area FA (refer to folding area FA') may be reduced
or effectively prevented.

In addition, the first and second adhesives AD1 and AD?2
are not disposed corresponding to the space between the first
supporter SP1 and the second supporter SP2. Accordingly,
attachment of the external contaminant particles CTM to the
adhesive layer AD' that 1s exposed at the space between the
first supporter SP1 and the second supporter SP2 described
with reference to FIG. 14 may be reduced or eflectively
prevented.

FIGS. 16 to 18 are cross-sectional views of an embodi-
ment of a manufacturing process of the display device
shown 1n FIG. 11.

Retferring to FIG. 16, the first and second coating layers
CL1 and CL2 may be respectively provided on the upper
surfaces of the first and second supporters SP1 and SP2,
which overlap with the folding area FA, respectively. A
plurality of particles MP 1n the form of powder may be
disposed on the first and second coating layers CL1 and
CL2. The particles MP may include metal particles. The
display module DM to which the first and second adhesives
AD1 and AD2 are attached may be disposed above the first
and second supporters SP1 and SP2, respectively.

Reterring to FIG. 17, the display module DM to which the
first and second adhesives AD1 and AD2 are attached may
be pressed to the first and second supporters SP1 and SP2,
respectively. The first and second supporters SP1 and SP2
may be attached to the first and second adhesives AD1 and
AD?2.

The particles MP disposed on the first sub-coating layers
SCL1 may be attached to the first and second adhesives AD1
and AD2. Since the particles MP are attached to the first and
second adhesives AD1 and AD2, the first sub-coating layers
SCL1 may not be attached to the first and second adhesives
AD1 and AD2. That 1s, the first sub-coating layers SCL1
may be detachable from the first and second adhesives AD1
and AD2, respectively, at the particles MP. The particles MP
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disposed on the second sub-coating layers SCL2 may remain
on the second sub-coating layers SCL2. The second sub-
coating layers SCL2 and the first and second supporters SP1
and SP2, may each extend further than end surfaces of the
first and second adhesives AD1 and AD2, at a space ther-
cbetween along the first direction DR1, respectively. The
space between the first supporter SP1 and the second sup-
porter SP2 1s aligned with the space between the first and
second adhesives AD1 and AD2.

Referring to FIG. 18, since the first and second coating
layers CLL1 and CL2 are not attached to the first and second
adhesives AD1 and AD?2 at the first and second sub-coating
layers SCLL1 and SCL2, the portions of the first and second
supporters SP1 and SP2 which overlap with the folding area
FA, may be separated from the first and second adhesives
AD1 and AD2 when the display module DM 1s folded.
Accordingly, a folding operation of the display device DD
and the display module DM thereof may be relatively easily
carried out.

That 1s, the display module DM 1n FIG. 18, which 1s
tolded, disposes the first and second supporters SP1 and SP2
together with the coating layer CL, separated from the
display module DM to which the adhesive layer AD 1s
attached. More particularly, the display device DD which 1s
tolded at the folding area FA disposes, at the folding area FA
and at the same time, the particles MP attached to the first
adhesive AD1 and the second adhesive AD2, and the coating
layer CL together with the first supporter SP1 and the second
supporter SP2, detached from each of the particles MP, the
first adhesive AD1, the second adhesive AD2 and the display
module DM.

Although embodiments of the invention have been
described, 1t 1s understood that the invention should not be
limited to these embodiments but various changes and
modifications can be made by one ordinary skilled 1n the art
within the spinit and scope of the mvention as hereimafter
claimed. Therelfore, the disclosed subject matter should not
be limited to any single embodiment described herein, and
the scope of the invention shall be determined according to
the attached claims.

What 1s claimed 1s:

1. A display device comprising:

a display module comprising a first non-folding area, a
second non-folding area, and a folding area between
the first and second non-folding areas, the first non-
folding area, the second non-folding area, and the
folding area being arranged 1n a first direction;

a first supporter under the first non-folding area;

a second supporter under the second non-folding area;

a first adhesive between the first non-folding area and the
first supporter; and

a second adhesive between the second non-folding area
and the second supporter,

wherein a first distance along the first direction between
the first adhesive and the second adhesive i1s greater
than a second distance along the first direction between
the first supporter and the second supporter, and smaller
than a length of the folding area along the first direc-
tion.

2. The display device of claim 1, wherein the first distance

1s smaller than half the length of the folding area.

3. The display device of claim 1, wherein

the first adhesive 1s 1 both the ﬁrst non-folding area and
the folding area, and

the second adhesive 1s 1n both the second non-folding area
and the folding area.
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4. The display device of claim 3, wherein

the first supporter 1s 1n both the first non-folding area and
the folding area, and

the second supporter 1s 1n both the second non-folding
area and the folding area.

5. The display device of claim 4, wherein a planar area of
cach of the first and second supporters, within the folding
area, 1s greater than a planar area of each of the first and
second adhesives, within the folding area.

6. The display device of claim 4, wherein within the
folding area, a length of the first adhesive which 1s taken
along the first direction 1s equal to a length of the second
adhesive which 1s taken along the first direction.

7. The display device of claim 4, wherein within the
folding area, a length of the first supporter which 1s taken
along the first direction 1s equal to a length of the second
supporter which 1s taken along the first direction.

8. The display device of claim 4, wherein within the
folding area, a length of the first adhesive which 1s taken
along the first direction and a length of the second adhesive
which 1s taken along the first direction, are both smaller than
cach of a length of the first supporter which 1s taken along
the first direction and a length of the second supporter which
1s taken along the first direction.

9. The display device of claim 8, wherein within the
folding area, the length of the first adhesive and the length
of the second adhesive are each greater than %4 the length of
the folding area.

10. The display device of claim 4, wherein within the
folding area,

a length of the first adhesive which 1s taken along the first
direction 1s different from a length of the second
adhesive which 1s taken along the first direction, and

a length of the first supporter which 1s taken along the first
direction 1s different from a length of the second
supporter which 1s taken along the first direction.

11. The display device of claim 1, further comprising a
coating layer coated on an upper surface of each of the first
and second supporters overlapping with the folding area.

12. The display device of claim 11, wherein the coating
layer comprises fluorine.

13. The display device of claim 11, further comprising a
plurality of particles between the coating layer and each of
the first adhesive and the second adhesive, respectively.

14. The display device of claim 13, wherein particles
disposed on a portion of the coating layer overlapping with
cach of the first and second adhesives among the particles
are attached to the first and second adhesives.

15. A display device comprising:

a display module comprising a folding area;

a first supporter and a second supporter, which are dis-
posed under the display module and arranged 1n a first
direction;

a first adhesive between the display module and the first
supporter, 1n the folding area;

a second adhesive between the display module and the
second supporter, in the folding area;

a first coating layer and a second coating layer respec-
tively on an upper surface of each of the first and
second supporters overlapping with the folding area;

a side surface of the first coating layer and a side surface
of the second coating layer facing each other and
spaced apart from each other along the first direction;
and

a side surface of the first adhesive and a side surface of the
second adhesive facing each other and spaced apart 1n
the first direction from a side surface of the first
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supporter and a side surface of the second supporter
facing each other so as not to overlap the side surfaces
of the first and second supporters,

wherein the side surface of the first adhesive and the side

surface of the second adhesive do not overlap the side
surface of the first coating layer and the side surface of
the second coating layer.

16. The display device of claim 15, wherein the display
device which 1s unfolded further includes within the folding
area,

the length of the first adhesive from the side surface

thereof equal to the length of the second adhesive from
the side surface thereof, and

the length of the first supporter from the side surface

thereof equal to the length of the second supporter from
the side surface thereof.

17. The display device of claim 16, wherein within the
folding area, the lengths of each of the first adhesive and the

second adhesive 1s greater than %4 of a length of the folding
area which 1s taken along the first direction.

18. The display device of claim 15, wherein the display
device which 1s unfolded further includes within the folding
area,

the length of the first adhesive from the side surface

thereof different from the length of the second adhesive
from the side surface thereot, and
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the length of the first supporter from the side surface
thereof different from the length of the second sup-
porter from the side surface thereof.

19. A display device comprising:

a display module comprising a folding area;

a first supporter and a second supporter, which are dis-
posed under the display module and arranged 1n a first
direction;

a first adhesive between the display module and the first
supporter, 1n the folding area;

a second adhesive between the display module and the

second supporter, in the folding area;
a coating layer coated on an upper surface of each of the
first and second supporters overlapping with the folding
area; and
a plurality of particles disposed on the coating layer,
wherein
a first distance along the first direction, between the first
adhesive and the second adhesive 1s greater than a
second distance along the first direction, between the
first supporter and the second supporter, and smaller
than a length of the folding area, and

the particles disposed on a portion of the coating layer
overlapping with each of the first and second adhe-
sives among the particles are attached to the first and
second adhesives.
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